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ABSTRACT
The purpose of this project is to take the current liquid rocket engine test stand design and implement
an external pressurant instead of utilizing the 2-phase oxidizer vapor to pressurize itself and the fuel.
The purpose behind the design is because the team is limited with the current design concerning burn
time due to the amount of propellant they can put in the tanks and the pressure it can reach. The initial
pressure is currently not held since there is no external input of mass into the tanks, as the propellant is
leaving. Adding an external pressurant allow for the tank pressures to remain steady throughout the
burn, which helps the team accurately characterize the system along with having consistent mass flow
rates. This research and design also helped jumpstart the R&D liquid engine team of the propulsion
branch of the Akronauts in pursuing a modification to the current system for future projects. The
solutions in this paper better prepare the Akronauts to grow and expand with industry-related projects,
providing experiences for students to excel in their careers.
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Introduction
Liquid rocket engines use liquid propellants to provide thrust for a launch vehicle. Liquid rocket engines
are more complex than their solid motor counterparts, and are more desirable for various reasons. The
Akronauts rocket design team has recently created a liquid propulsion branch within the propulsion
division of the design team. This branch was made to focus on the design and manufacture of liquid
rocket engines.
A liquid rocket engine can be either a monopropellant system, a bipropellant system, or a tripropellant
system. Truly, there is no limit to the inclusion of liquid chemicals into a combustion process housed
within the chamber of a liquid rocket engine. However, the benefit of increased chemicals is diminishing
and the complexity/mass required of systems needed to feed this propellant is increasing. This makes a
bipropellant system, especially at the collegiate scale, desirable from a flight hardware standpoint.
Liquid rocket engines often utilize turbopumps to feed propellant into the combustion chamber. This
allows for liquid propellants to be stored at relatively low pressures. However, simpler engine designs
often utilize pressure fed systems to feed propellant into the combustion chamber. The liquid
propulsion branch of the Akronauts Rocket Design Team has decided to move towards the development
of a pressure fed, bipropellant liquid rocket engine.

Background
The Akronauts Rocket Design Team is a student-run team focused on the continued dedication of
student development and achievement at the highest level. Over the past two years the team has
grown to 70+ active members and total membership approaching 200 students. As the Akronauts
grows, it functions more and more as a multi-disciplinary start-up company with four divisions:
Administrative Innovative Systems Lab, Structures and Propulsion. Under each division are sub-teams
that work on various projects in support of three flagship projects. The team breakdown is shown
below.

Figure 1: Table Breakdown of 2022-2023 Leadership and Team Structure

The first of the projects is the Emergence Series, which is the team’s pursuit to reach space. Through
student designed and researched solid motor manufacturing and assembly, hand-sewn parachutes, 3D
printed avionics bays and structures modeling, the team has reached 14k ft with Emergence I and 22k ft
with Emergence II. The I Promise Project is the second flagship project where the team is partnering
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with the I Promise School and Lebron James Family Foundation to inspire elementary and middle school
students and build passion in the STEM field at a young age. The project itself is a 22 ft tall, two-stage
rocket that will fly to 30K ft at the Spaceport America Cup in New Mexico. Both of these projects, utilize
solid propellant motors to carry the rockets to their prospective altitude. One good example of an
industry application of solid propellant is the Solid Rocket Booster on NASA’s Space Launch System.
Otherwise, solid propellant is not widely used in industry.
The last flagship project is the liquid rocket engine and test stand, also known as VENM. The team has
taken it upon themselves over the past few years to expand their knowledge of propulsion and develop
a liquid rocket engine and test stand. In a bipropellant rocket, there is an oxidizer and a fuel and when
they mix with a flame, it causes combustion. The flow of events starts in the 2 propellant tanks, which
are both pressurized to a given pressure. Valves are then opened and the propellant flows through the
lines in the feed-system, through an injector that controls the mass flow rates of the oxidizer and fuel
into the combustion chamber where an igniter will light the mixture and flow out the nozzle to create
thrust. In the current design, the team is utilizing nitrous oxide as the oxidizer and ethanol for the fuel.
A general schematic of the design is shown below:

Figure 2: Image of Self-Pressurizing Design known as VENM

The team chose to use nitrous because at ambient temperature, the propellant is a 2-phase fluid,
meaning that it is both a vapor and a liquid. The advantage of this property is the vapor of the nitrous
can be used to pressurize both the liquid part of the nitrous and the ethanol across a piston. The current
system has been designed and built and the following testing has been completed:
1.
2.
3.
4.

Hydro-Rig Testing (Components testing)
200-1000 psi pressure test of feed-system
Water Test (water pressurized by air)
Cold Flow Test (water pressurized by nitrous oxide)
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The team is now in preparation for a hot fire test that will hopefully happen in late summer/early fall.
Images of the current test stand apparatus are shown below:

Figure 3: Image of Current Test Stand

Figure 4: Image of Current Nitrous and Ethanol Tanks

Page 7

Project Objectives
The purpose of this project is to take the current design and implement an external pressurant instead
of utilizing the nitrous vapor to pressurize itself and the ethanol. The intent of doing this is three-fold.
First, the team is limited with the current design with burn time due to the amount of propellant they
can put in the tanks and the pressure it can get to. The initial pressure is not held since there is no
external input of mass into the tanks, as the propellant is leaving. Adding an external pressurant will
also allow for the tank pressures to stay steady throughout the burn, which helps the team accurately
characterize the system along with having consistent mass flow rates in and out of the tanks. This
research and design also help jumpstart the R&D liquid engine team of the propulsion branch of the
Akronauts in pursuing a modification to our current system for future projects. Below is an image from
testing that was done on the current system:

Figure 5: Image of Water Test of Current Test Stand
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Design
The overall design of the project encompasses the design, integration, and testing plan for adding the
pressurant and a feed-system to connect the pressurant to the current test stand system.

Conceptual design
Attributes of the design to consider include the gas selection for the pressurant, the interface between
the purchased bottle and the newly designed feed-system, the interface between the new and old feed
system, and the regulation of pressure from the pressurant tank to the current feed-system. Each of
these functions are dependent on the gas selection because different gas bottles come at different
pressures. The current test stand also adds a constraint on the design as there are already line sizes and
fittings picked out and assembled, so the new system would need to be adaptable to it. The goal is to
make sure the current given propellant tank pressure can be achieved with the added system.

Pressurant gas
When deciding on what gas to use for a pressurant, there are several things to consider about the gas.
The first thing to consider would be what state the element is in at the given pressures and
temperatures of the system. In other words, the gas would need to remain gaseous between 500 and
2500 psi at ambient temperatures. The next thing to consider is if the gas is inert or not so it doesn’t
react to other gases or chemicals. A third consideration would be the molecular weight of the gas since
the end goal is integration into a launch vehicle where weight is a large factor. Lastly, being a design
team with a limited budget, the cost plays a larger role in the feasibility of using it within the system.
The table below shows the decision matrices comparing five different gases. The one chosen is Nitrogen
mainly because of its cheap cost and close to being an inert gas. Nitrogen is also attainable from local
distributors.
Table 1: Design Matrices for Pressurant Gas

Pressurant Gas

Phase at RT Inert

Weight

Cost

Total

Hydrogen, GH2

G, (5)

1

5

3

14

Helium, GHe

G, (5)

5

4

2

16

Nitrogen, GN2

G, (5)

4

3

5

17

Neon, GNe

G, (5)

5

2

1

13

Carbon Dioxide, GCO2

G, (5)

4

2

5

16

Other Design Attributes
The purchased Nitrogen bottle from Airgas comes with a hand valve to release the gas into the current
system via a flex line. Flexible lines and hard lines are the two options for creating the feed system and
need to be rated for the pressures that the feed system would be experiencing. Stainless steel tubing is
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sufficient for hard tubing, with AN fittings, but the flex line would need to be carefully chosen to
withstand the required pressures. The solutions to these functions will be discussed in the final design.

Final design
The final design encompasses the full assembly of the feed system from the nitrogen bottle to the
integration into the current test stand.

Feed system
The feed system has multiple types of components that are required for proper operation of the entire
system. The flow of the nitrogen (from right to left in the schematic below) begins with nitrogen at 2200
psi. The first component to discuss is the hand valve, which comes with the provided nitrogen bottle
from Airgas. Following the hand valve is a pressure transducer and a thermocouple. These devices are
in this location because it is important to verify what the actual pressure is before the drop in pressure
across the pressure regulator, which is next in the schematic. The pressure regulator takes the 2200 psi
from the nitrogen bottle down to 1000 psi for desired propellant tank pressure. The check valve
prevents any back flow through the system towards the pressure regulator and nitrogen bottle.

Figure 6: Schematic of Feed System from Nitrogen Bottle to Propellant Tanks

Integration
At a macroscopic scale, the following schematic displays the general integration of the above feed
system into the current test stand.
Once components are purchased, tested and assembled, the system would be attached to the current
test stand via a single-standing cart that rolls up and attaches to the test stand. This allows for an easily
assembled procedure and a modular design so that future changes could be made as well as
interchangeable propellant tanks and types could be exchanged. All components would be mounted to
a panel that can easily be seen and monitored.
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Figure 7: Macroscopic Integration of Nitrogen Pressurant into current feed system

Analysis
In Phase 2 of the project development, there were specific requirements that needed characterized
based on the current design constraints. The first desired outcome was the required mass flow rates
out of the tanks to achieve the desire mixture ratio of 4:1 (mass flow rate of oxidizer over mass flow rate
of fuel ratio). This mixture ratio is desirable for the designed injector that controls the flow of oxidizer
and fuel into the combustion chamber. Utilizing the Equation 1 (see Appendix), the required volume of
the nitrogen tank was found and with that, the required mass of nitrogen to pressurize the tank was
found using Equation 2. Finally, the mass flow rates of the gas flowing in to the propellant tanks was
found for the required pressure and exit mass flow rate for engine performance with Equation 3.
Table 2: Analysis of flow Performance and Requirements

Page 11

Safety and Standards
One large focus of liquid rocket engines is safety. In general, the system requires high-pressurized tanks,
combustion that creates a thrust of 500 lbs, and plausible failure of components. To mitigate failures,
the team has had extensive meetings and conversation with the safety team at the University of Akron.
These conversations center around component testing such as hydrostatic testing, compressed air
testing and full system cold flow and hot fire testing. Testing locations and procedures were also
addressed for specific testing. The team has assured that the current test stand is capable of being
pressurized to 1000 psi and has performed two successful cold flow tests. All the testing thus far has
been able to be completed in the Rocket Propulsion Building, due to safe distances being achieved
through barriers and no combustion so no chance of explosion. When the team moves to hot fire, they
will be moving the test stand to a Tripoli Northern Ohio and National Association of Rocketry launch site
in Amherst, Ohio. Hydrostatic, pressure and cold flow testing for the added feed system would be able
to be done on site, but a similar situation would be done for hot fire of the new set up.

Figure 8: Image of Rocket Propulsion Building

Page 12

Cost and Schedule
The sub-teams of the Akronauts receive a yearly budget based on the total donations from the
university, the college, sponsors or other entities. The team is also managed under an executive board
that includes a Project Manager and a Division Manager that both track timelines and budgets. Bills of
materials are proposed to the executive

Cost
The following Bill of Materials matches the format of the Akronauts, and was proposed to the executive
board of the team. The team is running low on funds and there are some hold ups with delivery of some
components, but the team will acquire these components to build the feed system assembly over the
next several months and incorporate the design into the test stand.
Table 3: BoM for Components
System

Team

Project

Use in Rocket

Part Description

Link (and part
number if
applicable)

Price
Per
Pkg.

Quantity
Per Pkg.

# of
Packages

Walmart

Walmart

$14.95

1

1

$14.95

Provider

Total
Cost

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Casting lubricant

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Thrust support
cross beam

Low Carbon Steel Bar 1 ft

McMaster

McMaster

$18.98

1

1

$18.98

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Casting O.D.
tube

Standard-Wall PVC Pipe Fitting for Water
Straight Connector, White, 3 SocketConnect Female

McMaster

McMaster

$6.32

1

2

$12.64

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Casting I.D. tube

Standard-Wall PVC Pipe Fitting for Water
Straight Connector, 2-1/2 SocketConnect Female, White

McMaster

McMaster

$4.05

1

2

$8.10

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Casting I.D. Rod

3.500" DIA. DARK GRAY PVC ROD

Eplastics

Eplastics

$36.84

1

1

$36.84

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Thrust support
test plate

22" x 12" x 0.25" 6061 Aluminum Sheet

Clinton
Aluminum

IN PERSON
PICKUP

$15.00

1

1

$15.00

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

Thrust support
test plate

22" x 20" x 0.25" 6061 Aluminum Sheet

Clinton
Aluminum

IN PERSON
PICKUP

$25.00

1

1

$25.00

Propulsion
Systems Lab

Liquid Engine
Development

Liquid Engine

PVC Casting
Stock

3.5" OD PVC Rod, Chemical Resistant, 1
ft

McMaster

McMaster

$38.12

1

1

$38.12

Total:

$169.63

Alumilite - Stoner Mold Release

Schedule
To accomplish the design of an external pressurant system in limited time, a three-phase approach was
applied in an effort to organize and distribute work as needed. Phase 1 focused on research, Phase 2
focused on system design, and Phase 3 focused on component procurement. This three-phase approach
was transferred to a Gantt Chart format for further project tracking and control.
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Figure 9: Full 3-Phase Project Timeline

Phase 1: Research and Concept Development
Over the first few weeks of the project, there was development of the problem with the current test
stand, research on ways to fix it, and a decision of what pressurant should be used for the system.

Figure 10: Phase 1 – Research and Concept Development

Phase 2: System Development and Design
In Phase 2, components were selected, and analysis was done on the system.
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Figure 11: Phase 2 - System Development and Design

Phase 3: Component Procurement and Testing
In Phase 3, putting together deliverables and planning what future work would have to be done to
complete the design and prepare the Akronauts to carry on the project.

Figure 12: Phase 3 - Component Procurement and Testing

Conclusions
The project sufficiently served its purpose of getting the ball rolling on a new design in the liquid engine
sub-team of the Akronauts.

Goals accomplished
1.
2.
3.
4.
5.

Knowledge of liquid rocket engines was spread through members of the Akronauts
An external pressurant schematic was designed and characterized
A pressurant gas was decided on
A Bill of Materials was created and submitted for further processing
A future plan of testing and integration was discussed and taught to new leaders
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Future work
The team is now outfitted to take the knowledge gained through this project and implement it into their
current test stand. Future work includes:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Following through with the purchasing of components
Figuring out the coefficients of friction (Cd) values that correspond with every component
Pressure drop calculations from the nitrogen bottle to the current propellant tanks
Component testing
Tube cutting and bending
Assembly of components with lines on a panel mounted to a cart
Purchasing of Nitrogen Bottle
Future Testing Campaign, similar to what the team has already done
Integration into flight vehicle
Fly rocket

The most immediate plan for the future is hot firing the current test stand to have data results to
compare to the integration of the external pressurant design. Stated before, the test site will be in
Amherst, Ohio which is shown below. The blast radius is roughly 300 ft for personnel to be from the test
stand, and as one can see there is plenty of room for utilizing this testing site.

Figure 13: Image of Amhurst test site
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Appendix
Equations
Required Volume of the Nitrogen Tank

(1)
Variables:
Po = Initial Pressure of Pressurant
Vo = Initial Volume of Pressurant
Pp = Propellant pressure
Mp = Mass of propellant
p = density of propellant
k=
Required Mass of Nitrogen to Pressurize Propellant Tanks
(2)
Variables:
R = Gas Constant for Nitrogen
T = Temperature
mo = mass of Nitrogen
Required Mass Flow rate into propellant tanks
(3)
Variables:
mdot(G) = mass flow rate of gas
mdot(L) = mass flow rate of liquid propellant
P(Gi) = Initial Pressure of gas
p(L) = density of liquid propellants
R(G) = Gas Constant of Gas
T(Gi) = initial temperature of gas
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